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for stage II disease (10.6% overall). There were no appreci-
able trends over time. Patients receiving RPLND did not 
appear to have worse OS or CSS on adjusted stage-by-stage 
analysis. Higher stage disease (IIA-IIC) was associated with 
greater need for RPLND while radiotherapy was associated 
with decreased use [OR 0.40 (0.32–0.51), p < 0.001].
Conclusions  Utilization of RPLND for testicular semino-
mas in the post-chemotherapy setting has remained stable 
over a 25-year period. Patients undergoing RPLND are a 
higher risk cohort but stage-by-stage survival outcomes 
appeared comparable to men not undergoing RPLND. 
Upcoming trials implementing RPLND as a first-line modal-
ity for testicular seminoma or isolated retroperitoneal relapse 
will help better quantify relative recurrence and survival.
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Introduction

Retroperitoneal lymph node dissection (RPLND) is tradi-
tionally reserved for nonseminomatous germ cell tumors due 
to the high cure rates of primary chemotherapy or radio-
therapy for seminoma. An analysis of the Surveillance, 
Epidemiology, and End Results (SEER) Program through 
2006 showed utilization of RPLND was about 20% in recent 
years for stage I disease but remained stable around 60% for 
stage II nonseminomatous germ cell tumors [1]. For primary 
testicular seminoma, the National Comprehensive Cancer 
Network (NCCN) uses a stage-stratified approach to recom-
mend active surveillance, adjuvant radiotherapy, or adjuvant 
chemotherapy after orchiectomy without a role for RPLND 
in first-line management [2].

Abstract 
Purpose  While retroperitoneal lymph node dissection 
(RPLND) is traditionally reserved for nonseminomatous 
germ cell tumors, recent efforts to reduce long-term toxici-
ties of radiation and chemotherapy have turned attention to 
its application for testicular seminomas. Currently, RPLND 
is reserved for the post-chemotherapy for stage II testicu-
lar seminomas; we aimed to describe current utilization of 
RPNLD for testicular seminomas by stage and implications 
for survival.
Methods  A national sample of men diagnosed with stage 
IA/IB/IS/IIA/IIB/IIC testicular seminoma (1988–2013) was 
evaluated from SEER Program registries. Stage-specific 
utilization of RPLND was determined. Cox proportional 
hazards models, adjusted for age, race, and radiotherapy, 
evaluated overall (OS) and cancer-specific survival (CSS) 
for the RPLND cohort. Adjusted models assessed predic-
tors of RPLND.
Results  A total of 17,681 men (mean age 38.1 years) with 
testicular seminoma were included with low utilization of 
RPLND for stage I disease (1.3% overall) and higher rates 
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In recent years, radiotherapy and chemotherapy for tes-
ticular seminoma have been associated with long-term tox-
icities including the risk of secondary malignant neoplasms 
[3–5]. Consequently, use of radiotherapy has decreased 
from > 80 to < 20% for stage I disease but remains about 
50% for stage IIA [4]. Therefore, attention has turned to the 
potential application of RPLND for the primary treatment of 
early-stage testicular seminoma in an effort to reduce long-
term toxicity with a small, but acceptable, risk of short-term 
surgery-related side effects. A recent case series of 4 patients 
undergoing RPLND for lymph node positive seminoma 
experienced no recurrence at a mean of 25 months and two 
subsequent multicenter trials assessing efficacy of RPLND 
have been initiated [6, 7].

Currently, RPLND is reserved for the post-chemother-
apy setting for stage II testicular seminomas and a poten-
tial option for the rare stage I patient who recurs and pro-
gresses despite other adjuvant therapy. Requiring a RPLND 
for testicular seminoma, therefore, may be thought to be a 
poor prognostic marker in the modern era, but survival out-
comes have not been adequately studied in the past. Given 
the potential expansion of indications for RPLND in the 
future and recognizing that SEER registries lack information 
regarding prior chemotherapy, we aimed to describe current 
utilization of RPNLD for testicular seminoma by quantifying 
utilization of RPLND by stage, impact on survival compared 
to patients not undergoing RPLND, and predictors of under-
going a RPLND.

Methods

Patient population, variables, and outcomes

With Institutional Review Board approval, we identified 
men with stage I and stage II testicular seminoma from 
1988 to 2013 from cancer registries captured by the SEER 
Program. Extragonadal germ cell tumors and patients with 
distant metastases were excluded. Demographic data includ-
ing age, race, and year of diagnosis were obtained along 
with post-orchiectomy testicular seminoma staging data (IA, 
IB, IS, IIA, IIB, and IIC; AJCC, 7th Edition). Given known 
staging limitations of SEER data, patients prior to 2004 
were assigned the most appropriate stage based on extent 
of disease, lymph node, and tumor marker data rather than 
predefined SEER AJCC categories. Patients after 2004 also 
had AJCC staging assignments adjusted based on T and N 
stage assignments. Sufficient data was not available to val-
idly identify patients with stage III disease. The independent 
variable of interest was performance of RPLND. Outcomes 
included progression to performance of RPLND by stage, 
overall survival (OS), cancer-specific survival (CSS; deaths 

due to testicular cancer), and predictors associated with 
receiving a RPLND.

Statistical analysis

Baseline characteristic, including age, race, year of diag-
nosis, laterality, and stage, were tabulated. Utilization of 
RPLND over time was stratified by stage. Kaplan–Meier 
curves assessed OS and CSS based on receipt of RPLND. 
Univariable and multivariable Cox proportional hazards 
regression models were constructed to compare the RPLND 
cohort to patients not receiving a RPLND with adjustment 
for age, race, and radiotherapy. The effect of positive lymph 
node status was also assessed. Logistic regression models 
assessed predictors of receiving a RPLND. Multivariable 
logistic regression models were adjusted for statistically sig-
nificant variables on univariable analysis. Statistical analyses 
were performed using STATA v.12.0 (STATA Corp, College 
Station, TX, 2011) with two-sided alpha set to 0.05.

Results

Cohort and utilization

A total of 17,681 patients diagnosed with primary stage I 
or stage II testicular seminoma were identified, of which 
349 (2.0%) ultimately required a RPLND (Supplemental 
Table 1). A median of 14 nodes (mean 19.8; interquartile 
range 6–28.5) were evaluated per patient. About 1.3% of 
men with stage I disease ultimately underwent a RPLND 
compared to 10.6% with stage II disease (Supplemen-
tal Table 2). The proportion of men receiving a RPLND 
by stage was stable over time with no appreciable trends 
(Fig. 1).

Fig. 1   Utilization of RPLND over time for patients diagnosed with 
primary testicular seminoma. RPLND retroperitoneal lymph node dis-
section
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Survival analysis

At a mean follow-up of 99.1 months (median 88 (interquar-
tile range 40–144)), 791 (4.5%) of patients died from any 
cause including 114 (0.64%) from testis cancer. For the over-
all cohort, patients who required a RPLND appeared to have 
worse OS [HR 1.55 (1.03–2.32), p = 0.034] and CSS [HR 
2.51 (1.09–5.78), p = 0.030] after adjusting for age, race, 
and radiotherapy (Table 1). Figure 2 shows Kaplan–Meier 
survival curves for the overall cohort. However, given that 
RPLND was more often performed for higher stage disease, 
a stage-by-stage analysis was performed and revealed no sta-
tistically significant differences in survival comparing those 
receiving a RPLND to those who did not. Patients found 
to have node positive disease experienced worse CSS [HR 
3.60 (1.06–10.84), p = 0.039] although the difference in OS 
did not reach statistical significance [HR 1.79 (0.89–3.60), 
p = 0.100] when adjusted for age, race, and radiotherapy.

Predictors of RPLND

Logistic regression models did not show age to be a pre-
dictor of receiving a RPLND (Table 2). Adjuvant radio-
therapy with the first course of therapy was associated with 
decreased progression to RPLND [HR 0.40 (0.32–0.51), 
p < 0.001]. Stage of disease was found to be the strongest 
variable associated with RPLND with odds ratios ranging 
between 8 and 10 for stage IIA, IIB, and IIC compared to 
stage IA.

Discussion

A very small proportion of patients with stage I testicu-
lar seminoma progress to requiring a RPLND while about 

Table 1   Survival analyses comparing patients requiring retroperitoneal lymph node dissection to those who did not, on overall and cancer-
specific survival for primary testicular seminoma

RPLND retroperitoneal lymph node dissection, OS overall survival, CSS cancer-specific survival, HR hazard ratio, 95% CI 95% confidence inter-
val
a Multivariable Cox-proportional hazards models adjusted for age, race, and radiotherapy

RPLND vs. No RPLND

N OS CSS

Univariable Multivariablea Univariable Multivariablea

HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI P value

Low High Low High Low High Low High

Overall 17,681 1.54 1.03 2.29 0.034 1.55 1.03 2.32 0.034 2.67 1.17 6.08 0.019 2.51 1.09 5.78 0.030
Stage IA/IB 14,240 1.34 0.77 2.32 0.300 1.49 0.86 2.60 0.156 1.02 0.14 7.33 0.988 1.14 0.16 8.27 0.899
Stage II 1265 1.37 0.7 2.69 0.353 1.17 0.58 2.33 0.666 1.52 0.52 4.43 0.442 1.33 0.44 4.01 0.608
Stage IIA 608 1.73 0.59 5.06 0.319 1.25 0.40 3.86 0.703 1.49 0.18 12.43 0.709 1.30 0.14 11.73 0.814

Fig. 2   Survival probabilities for overall survival (a) and cancer-spe-
cific survival (b) for patients with testicular seminoma stratified by 
stage
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10.6% with stage II disease will eventually undergo RPLND. 
Patients in the post-chemotherapy setting requiring RPLND 
are a higher risk cohort, but stage-by-stage survival out-
comes are notably similar with intermediate follow-up to 
patients who did not undergo RPLND. Initial stage of dis-
ease was the factor most strongly associated with receiving 
a RPLND as may be expected due to an increased risk of 
disease progression with higher stage. The findings suggest 
outcomes for patients with testicular seminoma who are able 
to undergo a post-chemotherapy RPLND are favorable and 
lend support to the notion that RPLND in the primary set-
ting may be a viable alternative to explore due to known 
long-term risks associated with adjuvant chemotherapy and 
radiotherapy.

The management of stage I testicular seminoma has expe-
rienced a paradigm shift toward active surveillance due to 
data supporting low recurrence rates, excellent oncologic 
survival, and minimal need for salvage therapy [8]. For 
men with more advanced disease, chemotherapy is most 
often preferred modality due to excellent cure rates as a 
single modality treatment, although radiotherapy may be 
used 50% of the time for stage IIA seminoma [2, 4]. The 
rare patient who relapses or has residual mass(es) may be 
considered for RPLND or pursue second-line or salvage 
chemotherapy options. Long-term cardiovascular toxic-
ity with increased risk of myocardial infarction has led to 
a risk-adapted approach for chemotherapy regimens for 
testicular seminoma while the increased incidence of sec-
ondary malignant neoplasms has tapered enthusiasm for 
radiotherapy [2–4]. RPLND is certainly not devoid of risks 
with historical complication rates around 20%, largely due 
to transfusion requirements and surgical site infections [9]. 
Post-chemotherapy RPLND, in particular, can be a tech-
nically challenging procedure with the potential to require 
performing en bloc resections and adjuvant procedures [10, 

11]. However, contemporary series of primary RPLND at 
expert centers demonstrate much lower complications rates 
at about 7% [12, 13].

Although multiple guidelines with congruent recommen-
dations exist, treatment variation continues to be pervasive 
for patients with testicular germ cell tumors [2, 14–16]. Part 
of the problem may be due to limited availability of some 
treatment options and uncertainty in weighing the pros and 
cons of different options. RPLND utilization has been shown 
to vary greatly across different community and academic 
cancer centers for nonseminomatous germ cell tumors, but 
practice for seminoma appears to be more consistent across 
centers [16]. While some argue that performance of RPLND 
should be restricted to high-volume centers, over half of 
RPLNDs appear to be performed by urologists logging only 
1–2 cases in a year [17]. Practice variation may increase as 
potential indications for RPLND expand.

The present study is among the first to quantify the popu-
lation-based rate of post-chemotherapy RPLND for patients 
with testicular seminomas and suggest largely favorable out-
comes among all-comers requiring RPLND. One potential 
explanation is that RPLND exerts a therapeutic effect and 
salvage option in the post-chemotherapy setting improving 
survival sufficiently that a statistically significant detriment 
to survival could not be detected in the current sample size. 
However, some patients may be encountered who have 
additional poor prognostic markers; one of these may be 
viable seminoma at post-chemotherapy RPLND where the 
largest reported cohort of 36 patients was noted to have a 
5-year CSS of 54% despite some patients undergoing addi-
tional resections and chemotherapy courses [18]. Addi-
tionally, there is minimal experience with the application 
of RPLND for primary treatment of testicular seminomas. 
One case series, including only 4 patients, reported favorable 
results and has led to two multi-institutional phase II trials 

Table 2   Predictors of receiving 
a retroperitoneal lymph node 
dissection among patients with 
primary testicular seminoma

OR odds ratio, 95% CI 95% confidence interval
a Multivariable logistic regression model including stage and radiotherapy; age and race were not significant 
on univariable analysis

Variable Univariable Multivariablea

OR 95% CI P value OR 95% CI P value

Low High Low High

Age 0.99 0.98 1 0.256 – – – –
Stage
 Stage IA REF – – – REF – – –
 Stage IB 1.3 0.92 1.82 0.134 1.28 0.90 1.81 0.166
 Stage IS 1.31 0.9 1.91 0.165 1.36 0.93 2.00 0.117
 Stage IIA 8.52 6.18 11.74 < 0.001 8.42 6.07 11.69 < 0.001
 Stage IIB 10.68 7.42 15.35 < 0.001 10.12 7.01 14.61 < 0.001
 Stage IIC 11.26 7.61 16.66 < 0.001 8.02 5.36 12.00 < 0.001

Radiotherapy 0.35 0.28 0.45 < 0.001 0.40 0.32 0.51 < 0.001
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evaluating recurrence-free survival [6]. Because periopera-
tive outcomes for primary RPLND are more favorable than 
post-chemotherapy RPLND, demonstration of a durable 
recurrence-free survival may expand the indications for 
RPLND in testicular seminoma.

Limitations of the current study include its retrospective 
nature, lack of chemotherapy data in SEER, and inability to 
evaluate RPLND in the primary setting. However, it is well 
established that RPLND is currently performed exclusively 
in the post-chemotherapy setting for testicular seminoma 
with a prior study from the National Cancer Database using 
the same definition [16]. Data for staging was limited in 
earlier years for SEER leading to the decision to use 1988 as 
a cutoff, exclusion of earlier years, and adjustment of staging 
for included patients as previously mentioned. Lastly, SEER 
does not capture perioperative complications and morbid-
ity that may be related to performance of RPLND. Some 
of the morbidity is related to surgical approach, but SEER 
does not capture this data; however, the appropriateness and 
selection criteria for a laparoscopic approach in the post-
chemotherapy continues to be debated [19].

Despite the limitations, the analysis shows about 10.6% 
of men undergo post-chemotherapy RPLND for stage II 
testicular seminoma with favorable stage-by-stage survival 
outcomes compared to men not requiring RPLND. While 
there has traditionally been no experience with the use of 
primary RPLND for testicular seminoma, indications may 
be expanding with emerging data.

Conclusions

The utilization of RPLND for testicular seminomas in 
the post-chemotherapy setting has remained stable over a 
25-year period. Patients receiving RPLND are a higher risk 
cohort, largely due to use for stage II disease, but stage-by-
stage survival outcomes appeared comparable to men not 
requiring RPLND. Upcoming trials implementing RPLND 
as a first-line modality for testicular seminoma or for iso-
lated retroperitoneal relapse will help better quantify relative 
recurrence and survival.
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